I. The Importance of Analyzing Tiebout Choice
Analysis of Tiebout choice is important because its long history and widespread application allow us to understand the generalequilibrium effects of choice among schools. It will be years before any reform could have the pervasive effects that Tiebout choice has had on American schools. Moreover, the short-term effects of reforms are misleading because they depend unduly on the students who actively make a choice in the years immediately following reform. Even if reforms did not require these students to be few and atypical, their experience would be unrepresentative because the supply response to a reform-the entry or expansion of successful schools and the shrinking or exit of unsuccessful schools-may take a decade or more to fully evince itself. Until many students experience an increased degree of choice, reforms are unlikely to affect public schools much, either through competitive pressure or through sorting. We are mainly interested in the new general equilibrium that would exist if choice-based reforms were widely enacted, not in the partial effect on the students who are the first to take advantage of a reform.
The second reason it is important to understand Tiebout choice is that reforms are layered on top of the existing system. Most reforms would extend, not introduce, choice. If one ignores Tiebout choice, one neglects the fact that some of the predicted effects of reforms are attained by Tiebout choice already. For instance, one is likely to miscalculate the distributional consequences of reforms if one neglects the fact that some people, such as the wealthy, already have a high degree of choice so that reforms would hardly affect their behavior. Other people would have their choice sets greatly expanded by reform. Oddly enough, many analyses of reforms ignore Tiebout choice. For instance, some influential analyses of vouchers assume that there is only one large public school in which all households participate in the absence of vouchers. 3 The third reason to analyze Tiebout choice is a practical one. Identifying the effects of choice, as opposed to the causes and correlates of choice programs, is very difficult except in the case of Tiebout choice. For example, when a school district enacts a policy of intradistrict school choice, the policy grows out of the district's circumstances and often is part of a package of policies enacted simultaneously. As a result, such policies are difficult to evaluate.4 With Tiebout choice, the identification problem is more manageable because the Tiebout choice in an area largely depends on historical circumstances that are arbitrary with respect to modern schooling. Nevertheless, I try to remedy potential identification problems by using variation in school districting that is literally natural.
II. What Theory Predicts About Tiebout Choice
Tiebout choice can affect private allocative efficiency, social allocative efficiency, and schools' productivity. Informal and formal versions of the Tiebout model demonstrate that private allocative efficiency tends to be increased by Tiebout choice, even when it is combined with political mechanisms, such as voting on local property tax rates.5 Intuitively, when there are more school districts, it is easier for households to sort themselves into groups that are relatively homogeneous in terms of their preferences with regard to schooling and property. As a result, an equilibrium in which households get schools close to what they privately prefer is more likely to exist. The more school districts there are, the less troublesome are free-rider problems, which tend to make Tiebout equilibria break down.
What does the private allocative efficiency result imply? First, to the extent that greater sorting reduces the degree to which households pay for school programs they do not value, Tiebout choice raises the amount of school quality that households want to buy. Also, if households achieve greater private allocative efficiency in the public schools, they will be less inclined to send their children to private schools. Under greater Tiebout choice, households will be more sorted among districts on the basis of their preferred type of schooling and level of school spending. In part, this implies more sorting on the basis of income. But, it also implies more sorting on the basis of taste for (or ability to benefit from) education. For instance, a school district might end up with a combination of households-some of whom are richer and want to spend a small share of their incomes on education, and others of whom are poorer but want to spend a large share of their incomes on education.6 Also, a school district might end up with a group of households who share a taste for progressive curricula. To the extent that greater sorting improves match quality between students' needs and schools' offerings, Tiebout choice will raise average student achievement.
The increase in private allocative efficiency generated by Tiebout choice does not necessarily correspond to an increase in social allocative efficiency if there are human-capital spillovers among students or neighbors.7 Tiebout choice takes no account of such spillovers, since it depends on people making choices that are privately optimal. Therefore, an equilibrium in which more learned students are self-segregated may be socially inefficient if forcing more learned students into contact with less learned students would raise social welfare. Unfortunately, empirical evidence on the nature of human-capital spillovers is very poor, so that we do not even know whether contact between better and worse students raises the achievement of all students, degrades the achievement of all students, reduces the initial achievement differences among students, or exacerbates the initial achievement differences among students. Thus, we do not know whether social allocative efficiency always increases, sometimes increases, or never increases as private allocative efficiency rises.
Theory generally predicts that Tiebout choice raises schools' productivity. Schooling producers can earn rent if households have difficulty 4 In Hoxby (1999b), I show that naive estimates of the effects of intradistrict choice are misleading. 5 Informal versions of Tiebout's model rely on the analogy to private goods. Formal versions of Tiebout's model that include median-voter politics are offered by Epple et al. (1984, 1993) . Past empirical research has often tested whether Tiebout choice actually attains allocative efficiency. Such tests are misguided, given that Tiebout choice operates imperfectly even in the markets where it is most prevalent. It is more reasonable to test whether an increase in Tiebout choice raises private allocative efficiency. 6 This result is derived by Epple and Glenn J. Platt (1998), who solve a Tiebout model in which households can differ both in their incomes and their tastes for education. 7 Roland Benabou (1996) has recently drawn attention to the macroeconomic implications of this familiar point.
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observing producers' effort, verifying the quality of schooling inputs (especially student ability), and verifying schooling outcomes. This principalagent problem is alleviated by Tiebout choice.8 Intuitively, school budgets based on property taxes form a mechanism that naturally incorporates many households' private observations of schooling outcomes and schooling inputs (including their children's abilities). Although only a minority of households are on the move at any given time, their observations about schools determine property prices in all school districts, and schooling producers who take excessive rent are penalized by reductions in their school budgets. This system works better when there is more Tiebout choice because changes in property prices depend more on information about schools and less on other factors that are essentially noise. Theory is ambiguous as to whether Tiebout choice will increase or decrease total spending on schools. The productivity prediction discussed above means that a unit of achievement should cost less where there is greater choice. As a result, one expects households to purchase more achievement, but one cannot predict whether they will spend more in total, given the fall in price. Moreover, in areas with little Tiebout choice, asset-rich households live in districts with asset-poor households. On the one hand, this tends to depress the school spending preferred by asset-rich households because they pay a disproportionately large share of every dollar that is spent. On the other hand, this tends to increase the school spending preferred by asset-poor households. The net effect depends on the political mechanism and on the preferences of asset-rich versus asset-poor households. For instance, if asset-poor households have a demand for school spending that does not elastically increase when their cost of a dollar of school spending falls, then raising the cost of a dollar of school spending for asset-rich households while lowering the cost for asset-poor households may decrease the amount spent on education.9
Whether Tiebout choice affects productivity by making school districts fall below minimum efficient scale is, in practice, a nonissue. Empirical evidence suggests that minimum efficient scale for a school district is so small that most metropolitan districts easily exceed it.10 Also, temporary or partial consolidation between mutually agreeable districts is easy, while breaking up a too-large district is hard. For instance, districts often retain separate elementary systems while sharing a high school. These arrangements are reversible, and it is not uncommon to see districts dispense with a sharing arrangement when their populations are large enough to allow each to achieve minimum efficient scale on its own.
III. An Empirical Version of the Theoretical Predictions
Theory suggests that Tiebout choice directly affects sorting and the incentives to be productive that schools face. Tiebout choice indirectly affects productivity, achievement, school spending, and private schooling. In this section, I present an empirical model that summarizes the theoretical possibilities. In subsequent sections, I consider problems like identification, aggregation, and how to measure Tiebout choice. For now, assume that choice is measured accurately and that all variation in choice is exogenous.
Let i index individual students and their associated households. Let k index school districts, and let m index educational markets. (An educational market is the set of school of school districts in which a household could reside, given its employment situation. Below, I argue that metropolitan areas are reasonable concrete versions of educational markets.) Let C,i measure how much Tiebout choice exists in educational market m, where larger C,,2 means greater choice. Let r,m be the reward the market gives to administrators who improve productivity. The prediction that choice creates greater rewards for schooling producers who run schools efficiently can be written:
( There are two identification problems likely to affect the analysis of Tiebout choice. The first is the potential for omitted variables bias. The second is the potential for observed choice to be endogenous.
The degree of choice that one observes in an educational market is the result of factors that affect the supply of school districts and factors that affect the population's demand for school districts. For studying the effects of choice, one wants to rely solely on variation in choice that comes from the supply side. In particular, one might worry that the factors that affect demand for school districts have a direct effect on productivity or achievement. If they do, then naive estimates of the effect of choice would be biased by omitted variables. For instance, Alberto Alesina et al. (1999) show that areas with greater ethnic heterogeneity demand more jurisdictions. Thus, if ethnic heterogeneity has an independent effect on productivity, and if ethnic heterogeneity is not fully controlled, then an ordinary least-squares (OLS) estimate of the effect of choice would be biased. The magnitude of the bias would shrink as one added measures of ethnic heterogeneity to equation (4), but it would be impossible to say when all bias had been eliminated. The sign of such omitted variables bias is not predictable.
The degree of choice that we observe in a market can also be, in part, a response to schools' observed productivity. This is a strict endogeneity problem that is best explained by an example. Consider an educational market that contains a district that has, for idiosyncratic reasons, a highly productive administration. Other districts will want to consolidate with the productive district so that its talented administrators can serve more students. But, such consolidation will lessen the degree of observed choice. Similarly, households with school-aged children will want to move into the highly productive district, exchanging places with households that do have any school-aged children. But, such moves will lessen the degree of observed choice for any measure of choice that is sensitive to how many children each district serves. Endogeneity will negatively bias estimates of the effect of choice on productivity. Intuitively, areas with more observed choice will be areas in which no districts were idiosyncratically good enough to attract consolidation or a disproportionate share of students. 13 The best response to the identification problem is a set of valid instruments-that is, variables that affect the supply of jurisdictions but are uncorrelated with factors that affect the demand for jurisdictions.
V. Measuring the Degree of Tiebout-Style Choice
The key to measuring the degree of Tiebout choice is to think about how households make residential decisions. One needs to consider, first, the boundaries of the educational market over which households exercise choice and, second, the costs associated with exercising choice. In some previous studies, insufficient attention to these matters has resulted in confused evidence about the effects of choice. For instance, researchers have sometimes assumed that the Tiebout process applies equally in rural and metropolitan areas.
If we take households' endowments as given, then each household faces two principal constraints on its residential choice: income and job location. The educational market over which it exercises Tiebout choice includes all school districts within a feasible commuting distance of its job(s). Such markets tend to correspond to Census-defined metropolitan areas of the United States because Census definitions are based, in 12 It is a partial test because it assumes that the observable measures of heterogeneity are correlated with the unobservable measures of heterogeneity. 13 As demonstrated by Kenny and Schmidt (1994), the twentieth-century history of American public education is a history of consolidation. Although most of the consolidation has affected rural districts, the number of metropolitan districts has also decreased by nearly 40 percent since 1950. Thus, a metropolitan area that has little observed Tiebout choice is likely to be either an area that has always had large districts or an area that has experienced significant district consolidation. The latter type of metropolitan area is likely to introduce endogeneity. 15 Therefore, we expect productivity to be affected more by the degree of choice among districts than by the degree of choice among schools. In contrast, we expect sorting to be affected at least as much, if not more, by the degree of choice among schools as by the degree of choice among districts. Households with different endowments and preferences must sort themselves into different districts in order to get different levels of school spending, but households can determine the peers their children experience simply by sorting themselves into school attendance areas.
All of the proposed measures are erroneous measures of true choice. Thus, an additional benefit of instrumenting is that it remedies attenuation bias caused by classical error in the measurement of choice. One might, however, worry about a source of nonclassical measurement error. Even in the metropolitan areas that have the most Tiebout choice, there is a large central city district that dominates the stock of low-income housing. Thus, the variation in measures of choice probably overstates the variation in the degree of choice available to low-income families and represents more accurately the variation in the degree of choice available to middle-income families. If such nonclassical measurement error exists, it will bias the results toward finding that choice has no effect (either positive or negative) on low-income families.
VI. Instruments for Measures of Tiebout Choice
As instruments, I propose variables specifically, streams-that reflect the number of natural school district boundaries in a metropolitan area.16 The logic is that in the eighteenth and nineteenth centuries, when schooldistrict boundaries were initially set in America, an important consideration was students' travel time to school. In fact, in petitions for school-district boundaries, travel time was usually the primary justification for a set of boundaries. For a given travel distance "as the crow flies," natural barriers could significantly increase travel time. With automobiles, buses, paved roads, bridges, and flood controls, many of the barriers that would have caused students to travel miles out of their way are now hardly noticed. Yet, the vestigial importance of natural barriers is preserved because they determined initial school-district boundaries, which are the key supply-side factor that determines today's boundaries.
Thus, the number of school districts in a given land area at a given time of settlement was an increasing function of the number of natural barriers. I focus on streams, because they are the most common and most easily quantified natural barriers. I reserve discussion of the formation of the streams variables for the data section, but the implied first-stage equation states that the degree of choice in a metropolitan area is a function of its number of streams: 1 In the United States, revenue is raised and per-pupil spending is determined at the district level. Per-pupil spending is undefined at the school level because a district's costs cannot be meaningful allocated among its schools. For instance, districts maintain programs for disabled children that potentially benefit all of their households. The spending on such programs is not fully assignable to individual disabled students or the schools they happen to attend. 16 According to the U.S. Geological Survey (USGS) (1998), streams include brooks, streams, and rivers. In this paper, streams also include the following bodies of water if they are roughly curvilinear in form: inlets, lakes, ponds, marshes, and swamps. (4) in scalar algebra, which makes the exposition that follows more intuitive. The dependent variable is achievement, and I have specified that there are only two variables in the X vectors: X1 and X2. These simplifications are without loss of generality. However, the omission of measures of heterogeneity is a loss of generality. I reintroduce these measures below.
To avoid tangential issues related to weighting, consider the case in which all educational markets have the same number of observations and, within each metropolitan area, all districts are of the same size.18 The key question about aggregation is whether the estimated effect of choice depends on whether equation (6) is estimated at the individual level, aggregated up to the district and estimated at that level, or aggregated up to the educational market and estimated at that level. The answer is that the estimate of yj does not depend on the level of aggregation at which equation (6) is estimated.
Intuitively, why is this so? In a linear regression, the coefficient on Cmn (or any variable at the level of the educational market) is affected by another covariate only through the covariance between Cm, and the market-level mean of that other covariate. Therefore, by the definition of a marketlevel mean, the inclusion of individual-level variables and district means does not affect the estimated coefficient on C,n, so long as their market-level counterparts are included.
The proof is as follows. Suppose one estimates equation (6) One might wonder why I describe this result, since it seems to be a red herring. It is useful when we come to instrument for Cm. Also, although the point estimate of the coefficient on C,n is unaffected, an equation like (6) is most efficiently estimated at the individual level. The gain in efficiency, relative to an aggregate regression, is due to the fact that an individual-level regression generates more precise estimates of the covariances between variables that vary at the individual or district level. Intuitively, the individual-level regression employs more information-such as the fact that black children are more likely to be poor. Of course, the calculation of the standard errors should reflect the fact that the multiple observations of Cmn in an educational market are not independent and the fact that the multiple observations of district-level variables in a district are not independent. This is a common problem solved by Brent R. Moulton (1986), whose correct standard error formulas I use. Intuitively, Moulton's formulas allow each educational market and district to have a random effect. Random effects are shown in equation (6) as a reminder that the standard errors are calculated using Moulton's formulas.
B. Should One Worry That District-Level
Means Are Endogenous to Choice?
Tiebout choice in an educational market affects the mean characteristics of individuals in each school district. That is, district mean variables such as X 1 k,. are endogenous to the degree of choice Cm in the educational market. The discussion above, however, showed that the inclusion of district mean variables does not affect the estimated coefficient on C,n. Therefore, the endogeneity of district mean variables to choice is irrelevant to the estimated coefficient on C,M. Intuitively, when greater choice increases the mean of some characteristic in one district, there is an exactly offsetting decrease in the mean of that characteristic in other districts. Therefore, although mean characteristics of districts are endogenous to choice, the effect of choice through its effect on mean characteristics is mechanically equal to zero.
C. Aggregation When Choice Needs to Instrumented
The aggregation results extend naturally to the case where instruments are needed because measures of choice are potentially endogenous. It is easiest to see the extension using a two-stage least-squares (2SLS) formulation of the instrumental variables (IV) procedure. The first-stage equation that corresponds to equation (6) The sixth through ninth right-hand terms of equation (18) are of interest. The terms in wI and w2 will be irrelevant to the estimated coefficient on C11, since they sum to zero over each educational market. The gl( ) and g2( ) terms, however, need to be instrumented (for the same reasons Cm needs to be instrumented) if they are not to cause bias. The g1() and g2( ) terms embody the way that choice interacts with an educational market's overall heterogeneity to produce more or less heterogeneous districts. Thus, it is natural to instrument for gl( ) with the interaction between X1m and the streams variables, to instrument for g2( ) with the interaction between X2n2 and the streams variables, and so on. The streams variables are derived from the U.S. Geological Survey's (USGS) 1/24,000 quadrangle maps. It was by using these extremely detailed maps-which allow the viewer to identify even very small streams, buildings, and boundaries-that I initially recognized the relationship between natural barriers and school-district boundaries. The measurement of the streams variable was in two stages. Using the physical maps, I first counted all streams that were at least 3.5 miles long and of a certain width on the map. These data were checked against the Geological Survey's Geographic Names Information System (GNIS) for accuracy. I derived smaller streams directly from GNIS.24 I employ two stream variables: the number of larger streams (measured by hand and often traversing multiple districts, sometimes multiple counties) and the number of smaller streams (from GNIS). There are practical reasons for creating two stream variables, but the division is also useful for testing the second instrumental variables condition. Smaller streams are frequently associated with district boundaries, which suggests that they were once natural barriers. They are far too small, however, to affect present-day commuting times or to have determined local industrial history. Thus, smaller streams do not fit the few stories that suggest how streams might affect student achievement through routes other than district boundaries.
The bottleneck in this and similar studies is getting data on achievement. The school and demographic data are all population data, but sample data must be used to get many interesting measures of achievement such as test scores, educational attainment, and income. It is best to have student data that is matched to individual school districts, so I use the restrictedaccess version of the National Education Longitudinal Survey (NELS) (U.S. Department of Education, 1994a) for 8th-, 10th-, and 12th-grade test scores. Equation (4) The school and district data have virtually no missing observations. All 6,523 regularly functioning metropolitan districts are included in the regressions. Among NELS and NLSY students who attended high schools in metropolitan areas, fewer than 100 had to be dropped for missing background data. Variation in the availability of the achievement measures accounts for the variation in the number of observations among regressions, and most of the variation in availability is not due to missing observations but to the survey structure or the nature of the achievement mea-24 This two-part strategy was needed because bigger, linear bodies of water are sometimes inlets, bays, lakes, ponds, marshes, or swamps which must be judged visually. Also, larger bodies of water traverse multiple counties, and visual counting prevents double counting. Smaller streams are more accurately measured using GNIS, which provides the longitude and latitude of their origin and destination. 25 Because the NLSY students were born in several years, every regression based on NLSY observations contains indicator variables for year of birth. Table 1 shows several measures of the degree of choice among school districts. All of the measures show that the degree of choice varies widely across metropolitan areas in the United States-and not just because some metropolitan areas are larger than others. For instance, the choice index based on districts' enrollment shares has a mean of 0.69 and a standard deviation of 0.27. Even after controlling for a metropolitan area's land area, the square of its land area, its population, and the square of its population, the (residual) index has a standard deviation of 0.25. This standard deviation corresponds to the difference between having, say, four equal-sized districts and a very large number of equal-sized districts (more than 50). Table 2 contains estimates of the implied first-stage regressions for the district-based and school-based measures of Tiebout choice. The district-based choice index is statistically significantly related to the streams variables. The F-statistic on the joint significance of the two excluded instruments is 24.4 (the p-value is less than 0.001), so the instruments are not weakly correlated. One standard deviation in the number of smaller streams generates about onefourth of a standard deviation in the choice index. Moreover, the number of smaller streams has, by itself, nearly as much explanatory power as the two streams variables used in combination. If only the smaller streams variable is included in the regression, the F-statistic on the excluded instrument is 20.2.
IX. Results

A. First-Stage Results
The streams variables have a weak statistical relationship with the school-based choice index. The F-statistic on the joint significance of the two excluded instruments is 1.86 (the p-value is 0.174).
There are a few ways to test whether the streams variables are effectively exogenous to school productivity-that is, whether they affect productivity only through their effect on school districting. I discuss the statistical tests below, but it is natural to discuss two informal tests here. To address the possibility that streams influence school productivity by affecting a metropolitan area's industrial composition, one can examine the correlation between measures of industrial composition and the residual streams variables.27 The correlation between the residual larger streams variable and the percentages of employment in manufacturing, mining, and durable goods manufacturing, wholesale trade, and financial services are, respectively, 0.007, 0.004, -0.074, and -0. suggests that, if streams affect schools, it is because they affected district boundaries, not because they are otherwise important today.
B. The Effect of Tiebout Choice on Student Achievement
Ultimately, we are interested in schools' productivity, but it makes sense to look first at the two components of productivity: student achievement and school spending. Table 3 shows IV estimates of equation (4) tics do have statistically significant effects, but these coefficients do not have a ready structural interpretation so they are not shown. Table 4 shows the estimated effect of choice (that is, just the coefficient of interest) for several measures of student achievement and specifications. The measures of achievement are 8th-grade reading scores, 10th-grade math scores, 12th-grade reading scores, ASVAB math knowledge scores, highest grade completed, and the income a student earns when he is 32 years old. The first row of Table 4 shows the base IV specification, which is the specification shown in detail in Table 3 . The results for the base specification suggest that student achievement is higher when there is more choice among districts. An increase from 0 to 1 in the index of Tiebout choice generates 8th-grade reading scores that are 3.8 points higher, 10th-grade math scores that are 3.1 points higher, 12th-grade reading scores that are 5.8 points higher, and math knowledge scores that are 2.7 points higher. In short, test scores rise by one-quarter to one-half of a standard deviation. In addition, such an increase in choice generates educational attainment that is 1.4 grades higher and income at age 32 that is about 15 percent higher. All of the above results are statistically significantly different from zero at the 0.05 level, except for the educational attainment result which is statistically significantly different from zero at the 0.10 level.
Are these positive effects on achievement large or small? They are impressive if one considers an increase from 0 to 1 in the choice index-that is, if one compares metropolitan areas at opposite ends of the choice spectrum, like Miami and Boston. This is the relevant comparison for thinking about the potential of Tiebout choice as a policy. However, a standard deviation in the choice index is 0.27, so only a modest amount of the current variation in American students' achievement is explained by Tiebout choice. Now consider the OLS results that we obtain if we naively ignore the probability that observed choice is endogenous to achievement and factors that affect the demand for school districts. If we were to interpret them naively, the OLS results in the second row of Table  4 would suggest that Tiebout choice has no effect or small positive effects on achievement.
The OLS results reveal the sign of the bias due to omitted variables and endogeneity. They suggest that successful districts do attract households with school-aged children and do attract other districts into consolidation. Also, achievement may be negatively affected by unobserved factors, such as dissension, that raise the demand for districts in a metropolitan area.
A comparison between the first and third rows of Table 4 shows that if measures of a district heterogeneity are omitted from the equation, the estimated coefficient on choice does not change by a statistically significant amount. This is not just because the standard errors are too large for a plausible change to be statistically significant: the change in the point estimates is very small. That is, the main effect of choice on student achievement does not appear to be working through the effect of choice on districts' heterogeneity. (We cannot make this comparison for measures of achievement from the NLSY because the students cannot be matched to specific districts.)
The fourth row of Table 4 shows a version of the base specification that has been aggregated up to the metropolitan-area level. The resulting estimates are similar to, but have larger standard errors than, the estimates from the base specification. Given the foregoing discussion of aggregation issues, this is what one would expect.29 29 If the weights were perfect and there were no measurement or sampling errors, then the coefficient estimates on metropolitan-level variables would be the same in aggregate specifications and specifications that include district-level mean variables but not district-level heterogeneity variables. The standard errors would, however, be larger in the aggregate specifications. For instance, in Table  4 , the third and fourth rows would contain the same estimates, but the fourth row would have larger standard errors. In practice, however, measurement error, sampling error, and imperfect weighting prevent the estimates in the third and fourth rows from being exactly the same. The fifth row of Table 4 shows the less preferred measure of choice based on land area. Recall that this measure is likely to be less informative about choice because it does not reflect the enrollment structure of metropolitan areas. On the other hand, this measure cannot reflect some types of endogenous behavior, such as parents of school-aged children moving to good school districts. If this type of endogeneity is remedied by the instrumental variables strategy, then the IV estimates for the landbased measure should be similar to those for the enrollment-based measure. This is, in fact, what Table 4 shows. The point estimates for the land-based measure are similar to those in the top row of the table (and are far from being statistically significantly different).30
The sixth row of Table 4 shows IV estimates of the effect of more choice among schools on student achievement. Recall that there is a weak statistical relationship between the streams variables and the index of choice among schools, so that one is unlikely to get meaningful IV results for this type of choice. Indeed, this is what Table 4 shows. The standard errors in row six are so large that the estimates (none of which is significantly different from zero) are uninterpretable. Thus, the effect of choice among schools is probably impossible to determine. The instrumental variables procedure is not usable, but OLS estimates would not be credible. The comparison between OLS and IV for district-level choice suggested that endogeneity plagues OLS, and measures of choice among schools are far more likely to be endogenous than measures of choice among districts.31
The next two rows of Table 4 allow the effects of Tiebout choice to differ for students who come from low-income and not-low-income families. For the purpose of this table, low-income families are those that have household income less than or equal to 70 percent of mean household income in their metropolitan area. Not-low-income households are all others. Families are classified relative to their metropolitan area's income because the main reason for considering heterogeneous effects is the potential for Tiebout choice to affect sorting of families within their metropolitan area.
The results shown in the two rows provide little evidence of heterogeneous effects. The estimates are slightly lower for low-income families, but they are in the same range (one-quarter to one-half of a standard deviation in test scores) and not statistically significantly different from the estimates for not-low-income families.
The ninth and tenth rows of Table 4 allow the effects of Tiebout choice to differ for minority and nonminority students. For the purpose of this table, minority students are black and Hispanic students, and nonminority students are all others. The results suggest that Tiebout choice does not have a statistically significant effect on the 8th-grade reading scores or the 10th-grade math scores of minority students, while the effects on nonminority students are statistically significant and positive. The minority-nonminority difference in the effect on 8th-grade reading scores is not statistically significant, but the minority-nonminority difference in the effect on 10th-grade math scores is statistically significant at the 0.10 level. This weak evidence of heterogeneous effects is not, however, confirmed by the other measures of achievement. The effects on 12th-grade reading scores are in the same range for minority and nonminority students, and the point estimates for math knowledge and educational attainment are higher for minority than for nonminority boundaries. Fifth, even when used with the best available methods, the survey weights supplied by the NELS and NLSY generate statistics that are not exactly representative of the underlying population. Sixth, different district weights are ideal for different district variables-some ideal weights would be based on the population, a few would be based on the adult population, and a couple would be based on the number of households. The ideal district weight that is modal is based on the population, so that is what I use. The alternative choices generate similar results. Not using the ideal district weight for every variable is the sixth and final reason why the estimates in the third and fourth rows are not exactly the same.
30The difference between the land-based OLS and IV results is smaller than the difference between the enrollmentbased OLS and IV results. This suggests that the land-based measure does, in fact, eliminate some of the endogeneity. 31 That is, the cost of moving a student between schools within a district is much smaller than the cost of moving a student between districts. The data required to compute a land-based measure of choice among schools would make such a measure nearly impossible to compute, even if it were likely to be useful without instrumenting.
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students, although the difference is not statistically significant. The estimates for income at age 32 are nearly identical. Finally, the last two rows of Table 4 show partial tests of the exogeneity of the instrumental variables. The omnibus test attempts to show whether variation in the streams variables that is not correlated with variation in school districting (or other observable determinants of school productivity) is correlated with school productivity. Intuitively, it is a test of whether, after eliminating its correlation with choice (instrumented) and the other covariates, achievement is still correlated with the streams variables. The test statistics are distributed as x2 with one degree of freedom. I use formulas that account for the fact that individuals in the same metropolitan area do not have independent values of metropolitan-level variables (including the choice index and the streams variables).32 The omnibus test consistently fails to reject the null hypothesis that streams affect student achievement only via their effect on choice.
The other test shown is a Hausman test of the exogeneity of the larger streams variable. It is based on the premise that one has more a priori confidence in the exogeneity of the smaller streams variable because smaller streams are too small to affect modern life. The test statistics, which are distributed as x with one degree of freedom, show that the Hausman test consistently fails to reject the null hypothesis that the larger streams variable is a valid instrument.
Overall, Table 4 demonstrates that an increase in Tiebout choice has a statistically significant, positive effect on measures of achievement that range from test scores to wages. Naive OLS estimates of the effect of choice on student achievement are likely to be downward biased, and the stream variables appear to be valid instruments. It is possible that the effect on minority and low-income students is smaller than the effect on other students, but the evidence for such a conclusion is only suggestive. Even if the evidence were stronger, it would be hard to interpret. It could be that sorting caused by Tiebout choice has negative effects on disadvantaged students that offset some of the gains they experience from competition. Alternatively, as discussed above, it could be that the choice measure is particularly erroneous for disadvantaged students.
C. The Effects of Tiebout Choice
on Per-Pupil Spending Table 5 shows the effect of Tiebout choice on per-pupil spending and private schooling. Recall that these results are based on nearly the entire population of metropolitan school districts, unlike the achievement results which are based on a sample. I use Table 5 to discuss the covariates other than the coefficients of interest. Metropolitan areas with higher household incomes spend more per pupil, as do metropolitan areas that are more Hispanic and more racially homogeneous. The elasticity of perpupil spending with respect to the mean of log income in the metropolitan area is estimated to be 0.54. Also, metropolitan areas with larger populations have a higher percentage of students in private schools, as do metropolitan areas whose adults have more heterogeneous educational attainment. Several of the coefficients on district characteristics have statistically significant effects, but these coefficients do not have a ready structural interpretation, so they are not shown. Table 6 shows the coefficient of interest for several specifications. Consider the results for per-pupil spending, which are in the first column. The results for the base specification suggest that per-pupil spending is lower where there is more choice among districts. An increase from 0 to 1 in the index of Tiebout choice generates a 7.6-percent decrease in per-pupil spending. The OLS estimate is 7.2 percent, which is insufficiently different from the IV estimate to suggest bias. That is, while the effects of choice on achievement appear to be significantly affected by endogeneity and omitted variables bias, the effects of choice on perpupil spending appear to be only slightly affected. The specification that omits measures of district heterogeneity and the specification that is aggregated to the metropolitan-area level produce estimates similar to the base estimates. per-pupil spending in the United States. Undoubtedly, the most striking result is not the positive effect of choice on student achievement or the negative effect of choice on per-pupil spending but the opposite direction of the achievement and spending results. An increase in choice among districts lowers per-pupil spending with no loss-in fact, a gain-in student achievement. Of course, this has powerful implications for productivity. The middle column shows that, interestingly, the estimated decrease in per-pupil spending is associated with a decrease in the studentteacher ratio (an increase in teaching resources per student). An increase from 0 to 1 in the index of Tiebout choice generates a decrease of 2.7 students in the student-teacher ratio. The estimated decrease in the student-teacher ratio is similar for the specification without measures of district heterogeneity. The version of the specification that is aggregated to the metropolitanarea level produces estimates that are, as expected, similar to those of the base specification but less precise. The OLS point estimates are not statistically significantly different from zero.
Given that the per-pupil spending results and student-teacher ratio results are based on exactly the same data, the results imply that districts that face more Tiebout choice allocate their lower levels of per-pupil spending in such a way that they actually have smaller studentteacher ratios. This suggests that Tiebout choice makes districts allocate money away from other inputs and towards reducing the student-teacher ratio. This suggests that reducing the studentteacher ratio is either an unusually productive use of funds or a policy that enjoys unusual popularity with parents.33
D. The Effect of Tiebout Choice on Private-School Enrollment
Like the evidence on per-pupil spending, the evidence on private schooling uses data from nearly all the public-school districts in the United States. For this reason, the private-schooling re- 33 In Hoxby (1999b), I present empirical evidence that choice tends to make schools fit parents' stated preferences. In addition to studying student-teacher ratios, one can examine the effect of Tiebout choice on teacher salaries and teacher quality. Such an examination is beyond the scope of this paper because there are several important channelsincluding unionization-by which salaries and quality might be affected by choice. Tables 5 and 6 , and it will be convenient, at this point, to digress briefly and discuss them. The first row of Table 6 shows that choice among public schools is a substitute for choice of private schools. The IV estimates indicate that an increase in the choice index from 0 to 1 causes private-school enrollment to fall by 4.2 percentage points. To understand the significance of this decrease, recall that most metropolitan areas have private-school enrollment rates between 9 and 14 percent. That is, if exercised to its full potential, Tiebout choice can have a dramatic effect on the percentage of children who attend private schools. Because a standard deviation in the choice index is 0.27, differences in Tiebout choice account for a more modest, but still substantial, amount of the variation in private schooling in the United States. The trade-off between parents choosing among public-school districts and parents choosing outside the public sector altogether is important for policy decisions. As shown by Thomas Nechyba (1996), Epple and Romano (1998), and Gerhard Glomm and B. Ravikumar (1998), when families with a strong taste for education leave the public sector by shifting their children into private schools, their voting behavior changes radically and their decisions have a disproportionate effect on support for public education.
Naive OLS estimation suggests that Tiebout choice has no effect on private schooling. The significant difference between the OLS and IV estimates gives us important evidence on the nature of endogeneity. An unsuccessful publicschool district tends to drive its students into private schools. Because this phenomenon increases the concentration of public-school students in a few districts, it endogenously lowers the choice index based on district enrollment. (This is not to suggest that the private schooling is the major source of endogeneity in observed public-school choice. The major sources of endogeneity are probably district consolidation and the residential decisions of households with school-aged children.) E. The Effect of Tiebout Choice on Productivity Table 7 shows results for productivity measures that are created by dividing the six measures of achievement by the log of per-pupil spending. Given the achievement and per-pupil spending results already discussed, one expects choice to have a positive effect on productivity. To get an accurate estimate, however, one should explicitly examine productivity because the data on achievement are available for only a sample of the districts for which spending data are available. The results are best summarized in terms of standard deviations of the productivity measures (the dependent variables), since the units of the productivity measures are not intuitive. In Table 7 , the numbers in square brackets show each coefficient estimate as a share of a standard deviation of the dependent variable.
The results for the base specification indicate that an increase from 0 to 1 in the index of Tiebout choice among districts raises productivity by between one-fourth and six-tenths of a standard deviation. Greater productivity effects are found for productivity measures that are based on measures of achievement that are recorded later in life (for instance, income as opposed to 8th-grade test scores). The next two rows of Table 7 show no statistical evidence that productivity effects are different for students from poor and nonpoor families, although the estimates hint that productivity effects may be slightly greater for students from nonpoor families. The following two rows show conflicting evidence on whether productivity effects are different for minority and nonminority students. On the one hand, the productivity measure based on 10th-grade math scores indicates that productivity effects are statistically significantly smaller (at the 0.10 level) for minority students than nonminority students. On the other hand, three productivity measures suggest that the productivity effects are greater (by a statistically insignificant amount) for minority students. In short, there is weak evidence that poor or minority students experience a smaller productivity boost than other students. Even if one were to find strong evidence, it would be unclear whether the smaller effect was due to sorting or choice being measured poorly for disadvantaged students.
Choice among districts appears to raise productivity, but how essential to the result are the financial incentives for districts that work through property tax revenues? I attempt to answer this question with the next two rows of Sources: Author's calculations based on data from NELS, NLSY, SDDB, CCD, CCDB, GNIS, and USGS maps. Table 7 , where the specification allows the effect of Tiebout choice to depend on the degree to school revenues in a state come from the state government.34 I divide the states into those in which state government accounts for more than 50 percent of school spending ("mostly state controlled") and less than 50 percent of school spending ("mostly locally controlled"). This is a crude measure of state control, but it is sufficient for the present purpose. Conveniently, half of the states fall into each category.
The estimated productivity effects for mostly state-controlled districts are consistently smaller than those for mostly locally controlled districts, but none of the differences is statistically significant. The point estimates do suggest, however, that Tiebout choice has stronger effects in states where districts have more financial independence. An increase from 0 to 1 in the choice index is estimated to raise productivity by at least one-quarter of a standard deviation in states with mostly local control, but only by at least one-tenth of a standard devia- 34 In other words, an individual district is categorized based on its state, not based on how much revenue it receives from its state government. The latter procedure would introduce omitted variables bias. 
F. Further Evidence on Tiebout Choice and Student Sorting
In the results discussed thus far, there has been little evidence that Tiebout choice affects productivity through sorting. That is, although Tiebout choice certainly affects how households are sorted across districts, the resulting sorting appears to have little effect on the average level of achievement or per-pupil spending in a metropolitan area. This may indicate that peer effects are small or that there are offsetting benefits and losses when students experience heterogeneous peers. Beneficial peer influences, for instance, may be offset by the difficulties that teachers have in communicating material to heterogenous classes.
School-level demographic data, however, suggest yet another possibility. It may be that peers have important net effects, but that even metropolitan areas with little Tiebout choice among districts have substantial peer sorting among schools. After all, the peers whom a student actually encounters depend on sorting among schools, and such sorting can occur in areas where there is little Tiebout choice among districts. Table 8 shows how the probability that a student experiences a heterogeneous student body is affected by Tiebout choice. The dependent variable in the top panel of Table 8 is a ratio. In the numerator is the probability that, in a random encounter with another student in his school, a student from metropolitan area m meets a student of a different racial group. In the denominator is the probability that, in a random encounter with another student in his metropolitan area, a student from metropolitan area m meets a student of a different racial group. If all the schools in a metropolitan area have the same racial composition as one another, then the ratio is equal to one. On the   1236   THE AMERICAN ECONOMIC REVIEW  DECEMBER 2000 other extreme, if each school in a metropolitan area is racially homogeneous despite the existence of racial heterogeneity in the metropolitan area, then the ratio is equal to zero. Thus, an increase in the ratio indicates that schools are more heterogeneous racially, given the underlying racial heterogeneity of the metropolitan area in which they are located. The dependent variable in the bottom panel of Table 8 is defined analogously, except that-instead of being divided into racial groups-students are divided into a group that is eligible to receive free lunch and a group that is ineligible. The ratio in the bottom panel of Table 8 attempts to measure the poverty heterogeneity of schools. Apart from the dependent variable, the specification estimated in Table 8 is similar to the specification estimated in the first-stage equations. The only other difference is that choice is measured by the number of districts and schools in the metropolitan area, not by choice indices. It is necessary to avoid choice indices because choice indices have the same basic construction as the dependent variable and the similarity of construction creates spurious correlation. 35 The top panel of Table 8 shows that the racial heterogeneity of a student's peers is related to the number of schools, but not to the number of districts, in his metropolitan area. This statement holds for both the OLS and IV estimates, although the IV estimates are preferable for all the reasons described above. The ratio of racial heterogeneity has a statistically significant, negative relationship with the number of schools in a metropolitan area: the more schools there are (for a metropolitan area of a given size), the less likely a student is to experience the racial heterogeneity that exists in his metropolitan area.
The ratio of racial heterogeneity has no statistically significant relationship with the number of districts in a metropolitan area. In other words, students are just as segregated in schools in metropolitan areas that contain few districts as they are in metropolitan areas that contain many districts. Households sort themselves into school attendance areas inside districts so that district boundaries have little effect on the racial heterogeneity experienced by students.
The results in the bottom panel of Table  8 , which focus on poverty heterogeneity, exhibit a roughly similar pattern but have large standard errors. That is, the point estimates hint that the ratio of poverty heterogeneity has a negative relationship with the number of schools in a metropolitan area. The point estimates do not hint at a similar negative relationship with the number of districts in a metropolitan area (in fact, the estimates are of the wrong sign). The large standard errors are probably caused by measurement error in freelunch eligibility as an indicator of household income. Unfortunately, no other school-level measure of household income is available.
In summary, choice among districts may not have much effect on the peers a student actually experiences because households sort themselves into school-attendance areas regardless of whether they have much choice among districts. Therefore, the effect of choice on productivity is more likely to be caused by competitive pressure among districts than by student sorting.
X. Conclusions
Let me conclude by collecting the results into a picture of how Tiebout choice affects American schools. The first conclusion is a practical one: naive estimates (like OLS) that do not account for the endogeneity of school districts are biased towards finding no effects. This is probably mainly due to the tendency of successful school districts to attract households with school-aged children, thereby increasing their market share and reducing the observed degree of choice.
The key result of the paper is that Tiebout choice among public-school districts raises school productivity. The most dramatic finding is the opposite sign of the achievement and spending results: Tiebout choice raises productivity by simultaneously raising achievement 35 That is, the dependent variable and the choice indices are both built upon Herfindahl indices. Using a dependent variable and independent variable with the same structure generates correlated measurement error between the two sides of the equation. This problem is common in the labor-supply literature where the construction of hours of work affects both the dependent variable and an independent variable (the wage). The example in this paper is somewhat less obvious, but the scale of the problem can be gauged by the finding that, if randomly generated data on racial composition is assigned to each school, there is statistically significant correlation between the dependent variable (the ratio) and the choice indices. This correlation is generated purely by the parallel construction of the dependent variable and the choice indices.
